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Customer needs have become increasingly difficult to satisfy, forcing organisations to 
bring their A-game to the table and compete effectively. This can be done by having 
stable processes, effective employees and reliable products that meet or exceed 
customer expectations. The tyre assembling/manufacturing industry is not immune to 
this challenge, and it is constantly faced with the difficulties of not producing enough 
tyres to meet the market demand. This work is set to apply Total Productive 
Maintenance (TPM) at PUQ (not its original name) tyre assembling process in 
accordance with the organisation’s strategy to improve process reliability.  
The primary aim of this work is to improve process reliability of a tyre assembling 
machine using TPM. This will be done by reducing cured tyre scrap quality loss, 
reducing body ply stitcher cycle time and determining repetitive downtime and 
mitigation plan put in place to ultimately improve process reliability.  
Firstly, a Pareto analysis was conducted for January 2019 top 10 cured tyre scrap, 
where inner liner blisters were determined to be the highest contributor with 0.56% 
scrap rate. A secondary Pareto chart was developed to identify the size that was going 
to get first priority with the highest number of tyres booked, and this was found to be 
the 265/65R17 D694 RZ with 103 units scrapped. A ‘5 Why’ analysis was used to 
determine that the root cause for inner liner blister, which was found to be a void 
between the green tyre and the mould due to no maintenance plan in place. Two 
possible countermeasures were evaluated; maintaining the old mould was chosen due 
to having a significant number of high desirability traits including low costs compared 
to buying a new mould. After the implementation of this countermeasure, the inner 
liner scrap of the size was reduced from 103 tyres in January 2019 to 2 tyres in July 
2019 – indicating successful implementation of TPM strategy.  
An in-depth study of the body ply construction was conducted in order to determine 
the possibility of reducing the stitcher cycle. Two method were trialled; the methods 
are using the shaping bladder width and squeegee end position as the stitcher start 
position. The first method resulted in trapped air between tyre components whereas 
the second method did not have any trapped air in between components, and is thus 
determined to be the favourable method. The implementation of the second method 
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reduced the body ply stitcher cycle time on average from 0.51 sec to 0.3 sec i.e. 
41.1%. The reduction of cycle time of the tyre assembling machine has resulted in an 
increase of tyres produced per year (i.e. the plant can now produce on average 83 
more tyres year). 
Grouping of all downtime into three categories was also carried out namely; planned 
downtime (e.g. lunch, loading material into the assembling machine), unplanned 
(breakdowns and material shortages) downtime and undefined downtime (downtime 
that was not booked on ShopWare booking system by operators). A pie-chart was 
created for January 2019 to analyse the relative percentage contribution of each 
downtime, and it was found that 52% was due to undefined downtime, 28% was due 
to unplanned downtime and 20% was due to planned downtime. Undefined downtime 
was prioritised due to the high percentage contribution. The root cause of undefined 
was found to be operators not booking the downtimes due to poor training (operators 
not properly trained to book downtimes), training was conducted to address this 
problem. In July 2019 the undefined downtime was reduced to 20% (i.e. 62% 
reduction). Though these results are promising, there is still room for improvement. 
The study was deemed successful since a 13% process reliability increase was 
obtained. It is evident from the results that TPM can be used to improve process 
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CHAPTER 1: INTRODUCTION 
1.1. STUDY BACKGROUND   
 
With constant global changes (social, economic, environmental, etc.) and significant 
competition, Customer requirements and needs have become complex [1] - [2]. 
Organisations need to keep up with these changes to satisfy their customers (by 
having the right quality products at the time of need) and effectively compete in both 
local and international markets. The tyre manufacturing industry is not immune to this 
challenge, and it is constantly faced with not making the volumes needed in the 
market. In order to achieve these, PUQ tyre manufacturing have now realised that 
process reliability is unavoidable.  
Ming et al. [3] defined process reliability as “a capability that process can produce the 
products which meet the designing requirement economically, efficiently, and steadily 
under specified conditions”.  
Process reliability is characterised by total effective equipment performance (TEEP), 
which is the product of availability, quality, performance (overall equipment efficiency, 
i.e. Equipment losses) and utilisation (scheduled losses). It is evident that process 
reliability focuses on identifying the root causes of process failures and putting 
countermeasures in place to reduce or eliminate the failures. A number of process 
reliability enhancing initiatives are available in practise, namely; total quality 
management (TQM), lean manufacturing and, total quality assurance (TQA). [4]. 
However, the drawbacks of these initiatives are that, they address only the quality 
aspect of process reliability, in this study process reliability will be enhanced through 
the application of total productive maintenance (TPM). 
TPM is a systematic approach to enhance the organisation’s performance by 
maintaining and improving the overall equipment efficiency (OEE), which promotes a 
serene working environment, motivated employees and improve the reliability of 
machinery [5].  
1.2. PROBLEM STATEMENT 
 
PUQ (not its real name) radial tyre manufacturing company is a Southern African 
based company supplying its product to most car original equipment manufacturers 
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(OEM’s) locally and in East Asian countries.  PUQ’s tyre assembling machines 
experience process reliability with an average of 40% per year in the past 3 years. 
This is undesirable as it affects the business revenues due to failure to deliver the 
product when the customer (Original Equipment Manufacturers and trade) needs it, 
which can result in having dissatisfied customers and losing business to reputable 
competition already in the market and new competitors anticipating to join the market. 
The study is set to improve process reliability of tyre assembling machine using total 
productive maintenance (TPM) to ensure smooth operation in accordance with the 
organisation’s strategy of improving productivity and having reliable equipment. The 
implementation of TPM has a cost-benefit as it reduces both external (tyre returns) 
and internal (tyre Scrap & rework) quality costs and improves process reliability which 
will subsequently improve customer satisfaction. This study will be deemed successful 
if an increment of 10% of the PR is achieved by the end of the study. 
1.3. RESEARCH AIM 
 
The aim of this work is to improve the process reliability of a tyre assembling machines 
using TPM. 
1.4. RESEARCH OBJECTIVES  
 
The objectives of this work are: 
 To reduce cured tyre scrap quality loss  
 To reduce body ply stitcher cycle time 
 To determine repetitive downtime and mitigation plan be put in place to 
ultimately improve process reliability. 
1.5. STUDY SCOPE 
 
Due to the time constraint of completing the study, Stitcher cycle optimisation will be 
done for one family of construction (Mono-ply non-run flat sizes) and equipment (K1S 
tyre assembling machine). Lastly, quality loss (inner liner blister cured tyre scrap) 
presented in this research will only highlight the monthly trend of the size 265/65R17 
D694 which was chosen using a Pareto diagram. Innerliner blister occurs when the 
material in the tyre does not adhere to one other and results in bubbles inside a tyre. 
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The defect can either be seen before curing or can only be seen after curing the tyre. 
Figure 1.1 shows the uncut and cut a sample of the defective unit. The location of the 
blister is between the body ply (fabric) and the sidewall (rubber).  
 
Figure 1.1: 265/65R17 RZ D694 inner liner blister scrap tyre sample 
 
1.6. WORK OUTLINE 
 
Chapter 1: Introduction 
This section gives an overview (what and why) of the problem at hand.  
 
Chapter 2: Literature survey 
This section focuses on the body of knowledge. It also brings forth the relevance and 
justification of the problem at hand through a critical review of similar problems 
attempted by various authors in recent years. The information was extracted from 
peer-reviewed journals. 
 
Chapter 3: Methodology  
This section covers the methods used to solve the problem at hand. 
 
Chapter 4: Results and Discussion 
 This section presents analyses and discusses the results. 
 
Chapter 5: Conclusions and recommendations 






CHAPTER 2: LITERATURE SURVEY 
2.1. INTRODUCTION 
 
This section introduces a critical review of process reliability techniques. The technical 
advantages of total productive maintenance over many techniques are equally 
reviewed. This was done using peer-reviewed articles sourced from Emerald Insight 
and Science Direct.  
2.2. PROCESS RELIABILITY 
 
2.2.1. What is Process Reliability?  
 
A process is a way of transforming raw material into a product. All processes are set 
to take care of three objectives namely; quality, productivity improvement, and cost 
reduction. According to O’Connor & Kleyner [6], reliability is defined as “The probability 
that an item will perform a required function without failure under stated conditions for 
a stated period of time”. Process reliability is a phenomenon in which it affirms that a 
process will yield a product having addressed all the set objectives [3]. Reliability is 
measured by mean time between failures (MTBF) [7]. Failures can be due to 
equipment having poor integrity, equipment owner’s behaviour and competence [8].  
PR makes use of teams, continuous improvement, top management commitment, 
supply chain participation, and enterprise reliability data management to obtain 
customer satisfaction, keep up with changing customer needs and ultimately ensuring 
organisation survival [9]. It is evident that PR plays a significant role in an 
organisation’s competitiveness. 
 
2.2.2. Factors affecting process reliability 
 
i.  Equipment integrity 
Equipment integrity can be affected in the design, installation, commissioning and 
operational phase, it is highly recommended that reliability be built in the design phase 
of the process to minimize costs related to product failures and, process failures. 
Equipment failures can be controlled and mitigated by having a proper maintenance 
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plan in place. The equipment must also have good maintainability (a measure of how 
quickly a failed equipment can be back into production). This requires having readily 
available spares, competent maintenance teams, standardized tools and, lifting tool 
access [8]. 
 
ii. Equipment owner competence and behaviour 
Equipment owners/operators are the sources of variation in processes, due to their 
competence level (performance), behaviour and inevitable human error. They also 
play over a third in equipment failure over the lifecycle of equipment [8]. It is of high 
importance to get the right competent people with the right attitude to enhance the 
performance of a process. Good communication between equipment owner’s and 
supporting structures are required to ensure great overall performance.  
 
2.2.3. Building in reliability/ Design for reliability 
 
Having reliable processes results in having products without reliability problems in the 
market. Building in reliability is a phenomenon of safeguarding the process by handling 
non-conformities earlier at the source to ensure unreliable products does not reach 
the customer, ultimately reducing quality losses. This approach makes uses both 
historical and current data from field returns to address major reliability concerns [10]. 
Analysis tools are required to determine BIR requirements for a process. Tennant [11] 
outlined Failure mode, effects and criticality analysis (FMECA) as the widely used 
methodology for design in reliability analysis. 
 
2.2.4. Total effective equipment performance 
 
Process reliability is given by total effective equipment performance (TEEP), which is 
the product of availability, quality, performance (overall equipment efficiency, i.e. 
Equipment losses) and utilisation (scheduled losses). While having the best 
maintenance strategy and a great team can improve reliability, people, 
process/method and material quality can hinder achieving optimum results [8]. In this 
work, process reliability will be studied and improved for the operational phase. To 
achieve this, a root cause analysis will be adopted to address the causes of failures. 
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2.2.5. Root cause analysis 
 
Root Cause Analysis (RCA) is a problem-solving methodology of identifying the root 
cause of a problem [12]. The tools are made of both qualitative and quantitative 
techniques. Many tools exist in practice namely; Failure mode and effect analysis 
(FMEA), Cause and effect diagram, 5 Why analysis and, Pareto charts. Some of these 
tools are simple while others are complex, hence it is not crucial to use all the tools 
available, but one needs to be able to select one that best address their objective. The 
primary objective of the tools is to determine and treat the cause(s) of the problem 
rather than tackling the symptoms [13]. 
  
i. Failure mode and effect analysis 
Failure mode and effect analysis (FMEA) is a risk management tool or a quality 
assurance tool for process or product design developed in the 1950s, it is established 
in the early stages of a process or product development. A core team is responsible 
for assessing all components of the design or process to determine the risk associated 
with the potential failures of each component [14]; [15]. The potential failure is 
characterised by the effect on the consumer [16]. Traditionally, the risk evaluation in 
the FMEA is done quantitatively using a risk priority number (RPN). Which is the 
product of three factors, severity (how severe will the effect of the potential failure), 
detection (the probability that the available quality checks will be able to detect the 
failure) and occurrence (the frequency of the failure mode). These factors are ranked 
on a scale of 1-10 [15]). Mitigation and prevention plans are put together by the core 
team prioritising failure modes with high RPN’s and the process is repeated until the 
RPN is acceptable. Lui et al. [15], have highlighted the work of other researchers in 
discrediting the use of the RPN number as a sufficient risk evaluation tool based on 
factors such as, the assumption that the three factors have the same importance 
whereas in practise they bear significant difference, the interdependencies between 
the failure modes is not linked, some failure modes have the same RPN values 
whereas their risk implications are not the same. For this purpose, researchers came 
with improvements to enhance the traditional RPN methods. These methods include 
the Fuzzy rule-based systems, Grey proportional assessment, data envelopment 
analysis, and the hybrid multiple decision-making method. FMEA has been adapted 
in various industries (Aerospace, Chemical, manufacturing with great emphasis on the 
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automotive industry).  In process environments, FMEA is used to determine the 
maintenance requirements of the equipment. This is done by prioritising the 
maintenance of process equipment to mitigate or eliminate risks associated with 
catastrophic or critical potential failures [17].  
 
ii. Cause and effect diagram 
Cause and effect (CE) diagram widely known as Ishikawa diagram or fishbone 
diagram is a quality management diagram articulated by Kaoru Ishikawa in the 1960’s. 
It is a qualitative tool that determines and addresses quality-related problems. It is 
mostly used where there is no sufficient data or no data at all [18]. The tool separates 
possible causes into different factors namely;- manpower, machine, method, and 
material, though in recent years environment, maintenance, management, and 
measurement,  has been added to these factors. 
 
iii.  5-Why analysis 
5-Why analysis was established by Taiichi Ohno, the parent of the Toyota Production 
Systems (TPS). This analysis was established to acknowledge that mistakes in a 
production or manufacturing factory floor are inevitable and employees tend to blame 
one other when issues arise, the aim of the analysis is to get to the root cause and 
solve it. Today the 5 whys analysis has been commonly adopted worldwide by 
organisation practising lean manufacturing [19]. 
 
iv. Pareto analysis 
The Pareto analysis is a statistical tool of root cause analysis, useful for qualitative 
data. The Pareto analysis is based on the 80:20 rule that outlines that often 80% of 
the problem is the result of 20% of the causes [13], it commonly addresses 
waste/scrap and downtime. The Pareto chart uses a bar graph, and it groups 
data/problems according to its severity and frequency to show the critical problems to 
be addressed first [19]. The aim is to find the 20% causes and an action plan put in 
place to address or mitigate the problems. The Pareto chart is often paired with 
another analysis to find the root cause for example Sweis et al, [13] paired the Pareto 
chart with the fishbone diagram, Pearson coefficient correlation and the Radar chart 
whereas Murugaiah et al. [19], paired their Pareto analysis with the 5-whys analysis. 
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2.3. TOTAL PRODUCTIVE MAINTENANCE  
 
2.3.1. What is TPM? 
 
Total productive maintenance (TPM) was first utilized in 1971 in Japan by Nippon 
Denso Company of Toyota’s group [20]. TPM is considered an improved version of 
preventive maintenance which is applied to all stakeholders of an organisation driven 
by senior management [20]. TPM is dubbed the “medical science for machine 
functionality” by Pascale et al, [5], TPM was adapted to ensure organisations are able 
to compete with their peers by eliminating both internal (e.g. Scrap, waste and rework) 
and external (e.g. returns and, warranty claims) quality costs, increase machinery 
performance and eliminate downtimes by holistic maintenance approach. 
Manufacturing is the backbone of many product-driven organizations, having 
performing equipment and employees are key to the overall performance of the 
organisation [5].  
 
2.3.2. Eight pillars of TPM 
 
i. Sort, Set in order, Shine, Standardize and Sustain (5S) 
5S is a systematic approach of house-keeping to achieve a good working environment. 
This is a foundation of process improvement as it makes it easy to identify problems 
than when poor 5S is observed. 5S is the responsibility of all employees and requires 
dedication and discipline [21]. 
 
ii.  Autonomous maintenance 
Autonomous Maintenance (AM) is an equipment owner empowerment pillar, aimed at 
equipping operators with skills to be able to perform minor repairs (e.g. lubrication, 
loosening or tightening bolts, etc.) and create ownership on the upkeep (e.g. cleaning 
and visual inspection) of their equipment. AM allows maintenance personnel to focus 
on the technical issues rather than trivial matters this improves availability due to less 
downtimes associated with waiting for maintenance personnel to address the trivial 
matters [21].  
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iii. Kaizen 
Kaizen is a Japanese philosophy composed of two terms “Kai” which means change 
and “Zen” which means better [22]. Kaizen promotes small continual improvement that 
requires fewer resources (e.g. capital and, stuff) investments or no investments and 
involves all personnel in the workplace, it is sometimes used interchangeably with 
continuous improvement [21]. Carnerud et al. [23], notes that these concepts are 
different from one another and that the Kaizen philosophy is actually composed by 
Continuous improvement and process improvement. Kaizen is considered to be the 
basis of lean production [23] and a comprehensive of total quality management (TQM) 
and total quality control (TQC) [24]. This philosophy has found its way to various 
organisations (manufacturing and, services) world-wide.  Aimed at production 
improvement by constantly removing waste from processes [24]. Benefits of 
employing kaizen in an organisation include;- achieving zero losses with respect to 
waste and scrap, downtimes (idling and, unavoidable.), and improved stakeholder 
efficiency, ultimately improving the overall equipment efficiency [21]. While the benefits 
of implementing kaizen are the envy of many organisation, as with any good strategy 
Kaizen implementation is complicated and it is not always successful [23]. Various 
analysis tools are used in kaizen namely; 5 why analysis, error-proofing techniques, 
kaizen register and need sheets [21]. These are used to ensure all improvements 
made all root causes of production problems are properly documented for future 
reference. 
 
iv. Planned maintenance 
Maintenance is all tasks (managerial, technical, etc.) taken during the lifecycle of an 
item to restore or retain it to serviceability [8]. Maintenance can be preventive, 
predictive and corrective. Planned maintenance (PM) is aimed at having stable and 
maintainable processes/machinery that produces reliable and good quality 
products/services, this can be done by applying preventive maintenance, breakdown 
maintenance, corrective maintenance, and maintenance prevention. PM is deemed 
successful when zero equipment breakdown and failure is achieved, this improves 
reliability and maintainability of the equipment [21]). PM also plays a critical role in 
training equipment owners. 
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v. Quality maintenance 
In today’s climate, quality is one of the key driver’s in organisations obtaining 
competitiveness [25]. Quality maintenance is aimed at reducing quality-related costs 
and constantly meeting customer requirements by error-proofing processes and 
eliminating non-conformances.  
 
vi. Training 
Training is aimed at multi-skilling stakeholders to effectively and adequately perform 
their day to day duties. The stake-holders need to be highly motivated to know “how” 
and “why” they are performing their duties, this results in having motivated and eager 
employees. Multi-skilling also results in having experts that can transfer their 
knowledge adequately and can be able to suggest new ideas based on their 
knowledge [21] 
 
vii. Office TPM 
Office TPM is driven by all stakeholders aimed at eliminating losses and improving 
productivity in the administrative functions [21]. Office TPM must be implemented after 
having AM, Kaizen, QM and PM in place, as it is aimed at driving productivity and 
efficiency in the supporting structures. 
 
viii.  Safety, Health and Environment 
Safety, health, and environment focus on safeguarding the workplace against fire, 
health hazards and accidents for serene operations or working conditions [21]. 
 
2.3.3. Total Productive Maintenance implementation 
 
TPM as in any other good strategy requires proper implementation. Since the eight 
pillars of TPM are dependent on one another, a systematic implementation approach 
is crucial. Sabourin, [26] notes that there are five driver’s to successfully implement 
strategies which are driver of rules this ensures are well aware of the company goals 
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and strategies, emotions to develop commitment to the set goals, initiative to turn set 
goals to attainable projects, immediate action and integrity. It is evident that the 
reputation and future of the company are dependent on good strategy implementation. 
TPM has four basic implementation stages namely; Preparatory stage (is a 
management-driven activity whereby internal stakeholders are notified of the 
upcoming TPM adaption into the organisation, this notification can be made in a form 
of pamphlets, reports and, meetings.), Introduction stage (this is meeting with both 
internal and external stakeholders to lay the requirements/expectation of each 
stakeholder, this meeting is also open to new ideas/suggestion by all involved 
stakeholders), implementation stage (the eight pillars are executed) and 
Institutionalizing stage (process optimisation and, redeployment of expertise) [21]. 
 
2.3.4. Overall equipment efficiency 
 
The success of TPM is measured quantitatively by the overall equipment efficiency 
(OEE). OEE is the product of availability, performance, and quality. Though OEE 
doesn’t account for all parameters that reduce capacity (e.g. planned downtime) it is 
still widely used in manufacturing plants to measure the performance and 
improvements of equipments/machinery of processes [27]. 
 
OEE = Availability × Performance × Quality................................................................(1)






Good ProductQuality =  × 100.........................................................................(3)
Quantity Produced











2.3.5. Challenges that can lead to Total Productive Maintenance failure 
 
 
Rodrigues & Hatakeyama [20] and Shen [28], gave the following factors that can 
influence TPM failure; lack of resources (mainly time) for autonomous maintenance, 
22  
work stress due to operators required to work/operate in different machinery, lack of 
personal training, both technical and managerial, no commitment by junior and senior 
management, lack of follow-up and evaluation criteria on the implementation of TPM 
program, goals not properly specified (e.g. operators are under the impression that 
they are responsible for producing with no maintenance), unsuccessful goals left 
without finding out the root cause and countermeasures, and lack of knowledge/ 
ignorance by operators of the evolution of TPM program. These are also relevant in 
the tyre manufacturing industries. 
 
2.3.6. TPM successes in literature 
 
Modgil and Sharma [29], studied the impact of TPM and total quality management 
(TQM) in operational performance of a pharmaceutical industry. The findings 
highlighted that TPM initiatives have significant influence on the operational 
performance, research and development, quality loss reduction, whereas TQM plays 
a crucial support system for these achievements. Habin et al [30] established the 
relationship between TPM, Kaizen effect (KE) and innovation performance (IP). A 
survey was conducted on Malaysian automotive industry, data were analysed using 
structural equation modelling. The study finds that KE does not have an effect on the 
relationship between IP and TPM, it also proved that the adoption of KE and TPM can 
improve IP in Malaysian automotive industry. Wickramasinghe and Perera [31] 
investigated the effect of TPM practices on textile and apparel manufacturing industry. 
A survey was used where by data were analysed using regression and correlation by 
a SSPS software. The study proved that TPM is an effective methodology of improving 
manufacturing performance, exibility and cost reduction in this industry. Bartz et al [32] 
studied the implementation of maintenance management model derived from TPM 
principles in a metallurgical business to uphold the quality of the manufacturing 
process. It was found that the implementation of TPM resulted in an improved 
industrial performance and the ability of the said company’s competitiveness. Sahoo 
[33] assessed the implementation of TPM and TQM approaches in improving multi-
sector (Food and beverages, textile, and electrical and electronics) manufacturing 
business performance. It was found that TPM and TQM implementation is 
advantageous for food and beverages and, electrical and electronic industries. 
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However, the opposite is experienced in the textile sector. Bataineh et al [34] 
implemented the key principles of TPM to improve the effectiveness of production 
equipment. This was done by implementing a proposed 13-method steps which cover 
basic characteristics of a common improvement system. It was found that the 
proposed methodology was successful in increasing the OEE of the organisation. 
Studies show that TPM is effective in improving the performance of many sectors, 
however, in literature TPM has not been used to improve the process reliability of a 
tyre assembling machine. The study is set to implement TPM principles in a tyre 
assembling machine. 
 
2.4. OTHER PROCESS RELIABILITY IMPROVEMENT TECHNIQUES 
 
2.4.1. Lean manufacturing 
 
Lean manufacturing or Lean is a Japanese philosophy of eliminating noises and 
establishing standards to remove waste and non-value added steps. Lean requires 
technical grip of the manufacturing process, as well as understanding the relationship 
between manufacturing and supporting departments (Supply chain and logistics, 
distribution, marketing, etc.) [35]. 
 
2.4.2. Six sigma 
  
Six Sigma has been influential in attaining high quality successfully and consistently 
[4]. Quality means different things for different people, many definitions exist, and it 
can be defined as conformance to customer specification [36]. Kuei & Madu, [4] notes 
that the overall quality performance of a system should be measured on the basis of 
product quality, safety to the environment, integrity, and ethically conscience to the 
society not merely on making a good product or having a reliable process. Six Sigma 
can be adapted in both the manufacturing and services industries. It focuses on 
reducing quality losses (scrap and product re-call) and achieve perfect order by 
eliminating process variation [4]; [35]. It has two five-phase methodologies namely; 
DMAIC (Define, measure, analyse, improve and control) & DMAIV (Define, measure, 
analyse, improve and verify). Commonly DMAIC is used. Six sigma furnishes lean 
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manufacturing by providing a set of tools and expertise to address specific problems 
[35].   
 
2.4.3. Lean six sigma 
 
Lean six sigma is a quality and process improvement tool considered as one of the 
most effective methodologies for defect identification and elimination, cycle time 
improvement. Lean six sigma uses statistical analysis tools and data to find root 
causes of variation that result in inadequate product or service [35].   
2.4.4. Total quality management (TQM) 
 
TQM is customer-driven approach of quality management that promotes all 
stakeholder involvement [4]. TQM has seven basic tools namely; Fishbone diagrams, 
Pareto charts, Statistical process control, scatter diagrams, histogram, check sheets 
and flow charts [9]. TQM is characterised by teaming [9]. Teaming is putting together 
a 20 or less number of people of different disciplines that work together towards the 
same goal to enhance the organisation’s performance by the quick response to 
problems and change [37]. This method of operation enhances cooperative learning 
to the team resulting in better interpersonal skills, and results [38].  
2.5. CONCLUSION 
 
This chapter showed that process reliability is inevitable in order for organisations to 
obtain a competitive advantage. Literature has shown that design for reliability is the 
best approach of obtaining process reliability but it is not applicable to existing/already 
installed processes. To address this drawback for already installed processes, TPM 
(Background, pillars of TPM, benefits of TPM and factors that affect TPM failure) along 
with other various process reliability enhancements tools (Lean manufacturing, six 






CHAPTER 3: METHODOLOGY 
3.1. INTRODUCTION 
 
This chapter provides the methods used to improve process reliability by reducing a 
quality loss (scrap), optimising stitcher cycle and establishing repetitive downtime and 
mitigation plan to be put in place. 
3.2. RESEARCH DESIGN 
 
3.2.1. Research Philosophy 
    
Saunders, et al. defined research philosophy as ‘the development of knowledge and 
the nature of knowledge” [39]. This definition implies that every research work develop 
a body of knowledge in a certain field. The research philosophy adapted in this study 
is pragmatism research. The research idea is an external reality influenced by 
experiences and practices. The data collected is based on the researcher’s interests 
and experiences. The data targeted were for passenger radial tyres. 
3.2.2. Research Strategy 
 
The research strategy employed in this work is action research [39]. This strategy is 
associated with bridging the gap between theory and reality, characterized by a 
problem-centered research, and it can be for theory building and theory testing [40]. 
In this work, the research was done to solve process reliability problem at PUQ tyre 
manufacturing company. Root cause analysis techniques (namely; Pareto analysis 
and 5-Why analysis) and trials were adopted in the research work to address the 
research objectives. 
3.3. STUDY POPULATION  
 
The study was conducted at a South African tyre manufacturing company. The 
population is made up of Passenger Radial (PSR), Run Flat (RFT), Light Truck Radial 
(LTR) and Truck Bus Radial (TBR). The population caters to both original equipment 
manufacturers (OEM’s) and the replacement market locally and Exports to European 
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and Asian countries. The research work will focus on passenger radial tyres, which 
constitute 50% of the population, i.e. experiencing the highest top loss. 
3.4. METHODS 
 
According to Amaratunga et al [41], a research can either be qualitative or quantitative. 
A qualitative research approach is used for building a theory whereas a quantitative 
research approach is used for testing a theory. In this work, a quantitative research 
approach was adopted. [42], described a quantitative approach as a methodological 
model that uses laws that emphasizes objectivity, generalizability, and reliability. The 
approach is numerical driven and may often use statistical analysis tools to test the 
hypothesis of the research project. The benefit of this approach is that researchers 
from different backgrounds can confirm a given conclusion [41]. 
 
One tyre assembling machine was chosen for the purpose of this work. The selection 
was based on its importance (it assemble tyres for the company’s high volume 
equipment manufacturer and does not have size changes i.e. it assemble one tyre 
type the whole year). Data on disturbances was collected on ShopWare. ShopWare 
is a visual management system designed to manage processes so that operators can 
capture and see their real-time performance in a visual format.  The system makes 
use of the OEE framework to identify losses that relate to downtime, speed, and 
quality. Every 10 minutes of equipment inactivity, the system prompts the operator to 
input the reason for the inactivity. It automates Shift reporting including descriptive 
notes indicating problem areas and remedial action. The data was recorded by 
operators and verified by the shift foreman and the researcher to ensure correct data 
is being captured. January 2019 data was collected to determine the initial process 
reliability. Figure 3.1 shows the research design for obtaining process reliability.  
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Figure 3.1: Data collection design 
 
3.4.1. Reduce cured tyre scrap quality loss  
 
The method followed to reduce the cured tyre scrap is depicted in Figure 3.2. The 
method focused/relied heavily on the cured tyre scrap data, which was used as a basis 
to apply or perform the Pareto analysis which assisted in focusing on specific tyre size. 
The 5-Why analysis approach was used to get to the root cause and the 



















Figure 3.2: Research design for reduction of cured tyre scrap quality loss 
 
3.4.2 Reduce body ply stitcher cycle time 
 
Stitcher cycle is a step in the tyre assembling process used to force adhesion on 
components and removing air on the tyre. Traditionally, stitching cycle for all sizes was 
starting at 100mm since all sizes, the stitcher end position is linked to the body ply 
width hence constant (i.e. one can only play around with the stitcher start position). 
The method followed to reduce body ply is depicted in Figure 3.3. A body ply 
construction comparison for seven sizes were done and trialled using two methods. 
First, by determining the shaping bladder width and using the value as the stitcher 
start position, the results were unsatisfactory and discussed in chapter 4, the second 
method was to determine the squeegee end position and use it as stitcher start 





Figure 3.3: Research design for body ply stitcher cycle reduction 
 
3.4.3 Determine repetitive downtime and mitigation plan be put in place to 
ultimately improve equipment run time. 
 
January 2019 downtime data from shopware was extracted and classified into planned 
downtime, unplanned downtime and undefined for downtime not accounted for/not 
booked by operators. A pie chart was performed to determine the the downtime with 
the highest percentage to be priorised. 
3.5. CONCLUSION 
 
This chapter presented the methods used to gather and analyse data, Chapter 4 






CHAPTER 4: RESULTS AND DISCUSSIONS 
4.1. INTRODUCTION 
 
This section presents analyses and discusses the results 
4.2. REDUCE CURED TYRE SCRAP QUALITY LOSS  
 
 
Figure 4.1: January 2019 Top 10 Passenger radial tyre cured scrap  
 
Figure 4.1 shows a Pareto diagram of January 2019 top 10 passenger radial tyre cured 
scrap and it is measured in percentage. It was found that Innerliner blister defect is the 
top quality loss with 0.56% contribution. The second level of Pareto diagram, Figure 
4.2 was done to analyse the inner liner blister cured tyre scrap per size measured in 
the number of units. It was found that 265/65R17 D694 RZ is the highest contributor 
with 103 units scrapped, 215/45R17 T001 in second place with 58 units scrapped and 
265/65R17 D693 III LHD with 21 units. Using the 80:20 rule, that channels the focus 
on the vital few rather than the trivial many [19], priority was given to 265/65R17 D694 







































































































Figure 4.3:  5-why analysis of Innerliner blister for 265/65R17 D694 RZ 
 
With the adaptation of total productive maintenance practises (Kaizen stem of TPM) a 
5-why analysis in figure 4.3 was conducted.  A 5-Why analysis is a problem-solving 
technique that is used to find the root cause by asking “why” five times. The analysis 
in figure 4.3 revealed three possible root causes that are under curing, contamination 
and Void between green tyre and mould.  The top column, under curing is caused by 
heavy gauge at the shoulder area.   Heavy gauge is caused by having high line speed 
at the extruder which is due to poor machine set up. Poor machine set-up is 
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to material rubber block (silicon is the most used contaminant in the plant, silicon is 
used to prevent tyres from sticking to the mould after the curing process, due to this 
benefit, operators, and engineering stuff use to clean equipment when a rubber block 
occurs), this is the by-product of having material with high adhesion. Material have 
high adhesion when it was not brushed on the process prior to assembling, brushes 
are normally not applied when the compound has low Mooney viscosity. The last 
column, void between curing mould and green tyre, this is due to mould side plate 
slightly bigger than the green, the rubber at the shoulder area of the tyre stretches to 
fill up the area of  void area leaving a separation in between the components. Further 
analysis shows that the void was caused by not having a mould maintenance plan in 
place (tyres cures at high temperatures, which creates a void after 2 years of 
continuous cures,   maintenance of mould needs to happen to ensure the dimensions 
of the mould are still the same as the green tyre), this was due to lack of knowledge 
by the plant. This was found to be the root cause of the problem at hand. The 
countermeasure was evaluated using table 4.1. 
 
Table 4.1. Blistered Innerliner countermeasure evaluation criteria 
Criteria Maintain old mould Buy new mould 
Total cost High desirability Low desirability 
Impact on the problem High desirability High desirability 
Implementation time High desirability Low desirability 
Safety High desirability High desirability 
Certainty about effectiveness High desirability High desirability 
Summary 5 High desirability 3 Highly desirable 
 
Two countermeasures namely, maintaining the old mould or buying a new mould (that 
has the same dimensions as the green tyre) were evaluated using total cost, impact 
on the problem, the time it will take to implement, how safe is it, and certainty about 
effectiveness. These were evaluated by using criteria: low, medium and high 





Figure 4.4: Monthly trend of inner liner blister scrap for 265/65R17 D694 RZ 
 
Figure 4.4 shows the trend of blistered Innerliner for 265/65R17 D694 RZ before (Red 
box) and after (Un-boxed) TPM (countermeasure adoption). A downward trend can be 
seen, from 103 tyre in January 2019 to 2 tyres in July 2019. This shows that the defect 
was reduced by 98%.  The overall quality loss in figure 4.5 shows a downward trend 
from 0.83% in January 2019 to 0.51% in July 2019.  


















































4.3. REDUCE BODY PLY STITCHER CYCLE TIME 
 
Total productive maintenance promotes small continual improvement activities; 
stitcher cycle optimisation was selected as one kaizen activity to be investigated to 
improve equipment availability of OEE. Two methods were investigated, first shaping 
bladder width was determined and used as stitcher start position, the result shown by 
Figure 4.6 was unsatisfactory as trapped air in between components was observed. 
The second method, squeegee end position was used as the stitcher start position, 
the result presented in Figure 4.7 was obtained and they were satisfactory as no 
trapped air was present in the tyre. 
 
 
Figure 4.6: Stitcher start position at shaping bladder width result  
 
Figure 4.7: Stitcher start position at squeegee end position result 
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Seven sizes (presented in table 4.2) stitcher cycle were reduced after the 
implementation of the second method. The body ply stitcher cycle time reduced on 
average from 0.51sec to 0.3 sec i.e. 41.1%. This reduced the cycle time of the tyre 
assembling machine, i.e. the plant can now produce on average 83 tyres more per 
year. 
 
Body ply stitching speed = 50rpm = 300rps  
 Stitcher End Position - Stitcher Start Position mm × 1mTime Taken =  = X(s)/tyre






Assembling 1 tyre = 4min/240 sec  
 Time Taken Before TPM - Time Taken After TPM secExtra tyres produced per year =  
tyre
1tyre 300tyre 320days                                                   ×  ×  ×
240sec 1day year
         
    
    
     








Table 4.2: Stitcher cycle comparison before and after TPM implementation 
 
205/45R16 MY-01 100 445 0,41 250 445 0,23 43,48% 72
205/55R16 MY-01 100 520 0,50 270 520 0,30 40,48% 82
205/55R16 FS100/DAYTON JOURNEY 100 518 0,50 240 518 0,33 33,49% 67
215/45R17  TURANZA T001 100 475 0,45 282 475 0,23 48,53% 87
225/45R17 FS100/DAYTON JOURNEY 100 494 0,47 272 494 0,27 43,65% 83
225/60R18 ALENZA STD 100 608 0,61 262 608 0,42 31,89% 78
245/50R19 ALENZA STD 100 598 0,60 330 598 0,32 46,18% 110































4.4. ESTABLISH REPETITIVE DOWNTIME AND MITIGTION PLAN BE PUT IN 
PLACE TO ULTIMATELY IMPROVE EQUIPMENT RUN TIME 
 
 
Figure 4.8: January 2019 down time 
 
Machine availability is the measure of time in which a piece of equipment is running 
for production. The benefits of predicting availability of equipment include the 
obtainment of strategic operational information and better planning for production 
capacities. Availability prediction also plays a crucial role in the maintenance 
management process where costs can be estimated and corrective actions can be put 
in place to improve the reliability of the equipment [43]. Figure 4.8 is the representation 
of the time the equipment was down in January 2019. The results show 20% of the 
time was due to planned downtime, 28% of the time was due to unplanned downtime 
and 52% was due to undefined downtime. The repetitive downtime was determined to 










Figure 4.9: July 2019 downtime 
 
The root cause of undefined was found to be operators not booking the downtimes 
due to poor training (operators not properly trained to book downtime). Figure 4.9 
shows the result of the repetitive downtime after training interventions. Undefined 
reduced to 20% in July 2019. Planned downtime has increased by 8% from 20% to 
28%, unplanned downtime has increased by 24%, this result shows that there was 
many unplanned downtime that was never accounted for. It is crucial to achieving 0% 
undefined downtime so that PUQ manufacturing can be able to determine root causes 
of failures that are repetitive and put countermeasures in place in order to improve its 












4.5. OVERALL IMPACT 
 
Figure 4.10: Mean time between failures over the first seven month of 2019 
 
MTBF is directly proportional to process reliability. An increase in MTBF results in an 
increase in process reliability. Figure 4.10 shows an increase in MTBF from 59.43 
min in January 2019 to 99.78 min in July 2019. 
 
Figure 4.11: OEE over the first seven month of 2019 
 
Figure 4.11 shows OEE improvement from 54% in January 2019 to 73% in July 2019. 
This can be tied to quality loss reduction (figure 4.6), cycle time reduction due to 









































that for three months from May to July the OEE was stable above 70% which is above 
the industry average OEE of 60% and below world-class OEE of 85% [27]. 
 
Figure 4.12: Process reliability over the first seven month of 2019 
 
Figure 4.12 shows process reliability results from January to July 2019. An upward 
trend is observed from 34.98% in January 2019 to 58.43% in July 2019, this is in line 
with MTBF results in figure 4.10. When the TPM was adopted by PUQ manufacturing.  
4.6. CONCLUSION 
 













The results prove that TPM can be used to successfully enhance process reliability. 
Comparing OEE (Figure 4.11) and PR (Figure 4.12). The results suggest that there’s 

























be reduced using the methodology highlighted in this research to achieve zero defects. 
Though it is evident that the quality loss of the tyre assembling machine is marginal, 
more focus can be given to reduce planned downtime with a loss that ranges from 
10.74% to 19.02% as can be seen in table 4.3. This is however outside the scope of 





























This work has one aim which is to improve process reliability of a tyre assembling 
machine using TPM. This will be done by reducing cured tyre scrap quality loss, 
reducing body ply stitcher cycle time and determining repetitive downtime and 
mitigation plan put in place to ultimately improve process reliability. The conclusion 
and recommendations are given below. 
5.2. REDUCE CURED TYRE SCRAP QUALITY LOSS 
 
The research objective was done by conducting a Pareto analysis for January 2019 
top 10 cured tyre scrap, where inner liner blister was determined to be the highest 
contributor with 0.56% scrap rate. A secondary Pareto chart was conducted to identify 
the size that was going to get first priority with the highest number of tyres booked, this 
was found to be the 265/65R17 D694 RZ with 103 units scrapped. A 5 why analysis 
determines the root cause to be the presence of a void between green tyre and mould. 
Two possible countermeasures were evaluated, maintaining the old mould was 
chosen as the best countermeasure due to having a significant number of high 
desirability traits including low costs compared to buying a new mould. After the 
implementation of this countermeasure, the inner liner scrap of the size was reduced 
from 103 tyres in January 2019 to 2 tyres in July 2019. This shows the successful 
implementation of TPM.  
 
5.3. REDUCE BODY PLY STITCHER CYCLE TIME 
 
The body ply stitcher cycle was reduced by studying the body ply construction. Two 
methods were trialled; the methods were using the shaping bladder width and 
squeegee end position as the stitcher start position. The first method resulted in 
trapped air between tyre components whereas the second method did not have any 
trapped air in between components, hence favourable. The implementation of the 
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second method reduced the body ply stitcher cycle time on average from 0.51 sec to 
0.3 sec i.e. 41.1%. This reduced the cycle time of the tyre assembling machine, i.e. 
the plant can now produce on average 83 tyres per year.  
5.4. DETERMINE REPETITIVE DOWNTIME AND MITIGATION PLAN BE PUT IN 
PLACE TO ULTIMATELY IMPROVE EQUIPMENT RUN TIME 
 
A pie-chart was done to determine repetitive downtime, it was found that 52% was due 
to undefined, 28% was due to unplanned downtime and 20% was due to planned 
downtime. Undefined was prioritised due to the high percentage contribution/ The root 
cause of undefined was found to be operators not booking the downtimes due to poor 
training (operators not properly trained to book downtime). In July 2019 the undefined 
downtime was reduced to 20% (i.e. 62% reduction) in July 2019.  
5.5. RECOMMENDATIONS 
 
 The cured tyre scrap quality loss could be further reduced by following all the 
steps discussed in chapter 4.1. 
 
 The body ply stitcher cycle time investigation be expanded to all sizes being 




The study conducted at the PUQ Company highlighted the importance of TPM 
implementation in manufacturing. Implementation of Total Productive Maintenance in 
a building section of a tyre manufacturing shows an OEE improvement of 19%, 
depicted in Figure 4.12, which is an indication of an increase in machine availability, 
reduction of reworks, scrap and the increase in equipment performance. As a result, 
overall productivity and the reliability of the tyre assembling machine also increased 
as shown in Figure 4.13. It is evident from the results that TPM can be adopted and 
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